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Introduction
Detecting calendar effects (anomalies) in financial markets is of interest both to traders aiming to exploit them to gain extra profits and to researchers analysing whether there is evidence of market failure and of the inadequacy of the Efficient Market Hypothesis (EMH). Several papers have tested for their presence using a variety of empirical methods.
One of the most frequently studied anomalies is the weekend effect (Monday effect, day of the week effect) first discussed by French (1980) , namely the tendency of financial assets to generate negative returns on Mondays. Different theories have been developed to account for its presence. In behavioural finance models it is attributed to the negative expectations of investors considering Monday the worst day of the week. Another possible explanation is that over the weekend market participants have more time to analyse price movements and as a result on Mondays a larger number of trades takes place.
Alternatively, it might be due to deferred payments during the weekend, which create an extra incentive for the purchase of securities on Fridays leading to higher prices on that day.
Overall, the empirical evidence is still mixed. The present study provides some new results based on two different methods: (i) a trading robot approach to examine whether or not there is such an anomaly giving rise to exploitable profit opportunities by replicating the actions of traders; (ii) a fractional integration technique for the estimation of the (fractional) integration parameter d.
The remainder of the paper is structured as follows: Section 2 briefly reviews the literature on the weekend effect. Section 3 outlines the empirical methodology. Section 4 presents the empirical results. Section 5 offers some concluding remarks.
2.
Literature Review Fields (1931) suggested that the best trading day of the week is Saturday. Another important study on the weekend effect is that by Cross (1973) , who analysed the Friday- Further contributions by Gibbons and Hess (1981) , Keim and Stambaugh (1984), Rogalski (1984) , and Smirlock and Starks (1986) also found the positive-Friday / negative-Monday pattern. Connolly (1999) also allowed for heteroscedasticity but still detected a Monday effect from the mid-1970s. Rystrom and Benson (1989) explained the presence of the dayof-the-week effect on the basis of the psychology of investors who believe that Monday is a "difficult" day of the week and have a more positive perception of Friday. Ariel (1990) argued against a connection between the weekend and the Monday effect. Agrawal and Tandon (1994) examined 19 equity markets around the world, and found the day-of-theweek effect in most developed markets. Sias and Starks (1995) associate the weekend effect with stocks in large portfolios of institutional investors. Research conducted in Fortune (1998 Fortune ( , 1999 shows that it has a tendency to disappear and is a phenomenon with two components: the first is the "weekend drift effect", i.e. stock prices tend to decline over weekends but rise during the trading week; the second is the "weekend volatility effect", i.e. the volatility of returns during weekends is less per day than that over contiguous trading days.
As for the role of short-selling, Kazemi, Zhai, He and Cai (2013) and Chen and Singal (2003) explain the weekend effect as resulting from the closing of speculative positions on Fridays and the establishing of new short positions on Mondays by traders.
However, the results of the study by Christophe, Ferri and Angel (2007) do not support this conclusion. Further evidence is provided by Singal and Tayal (2014) for the futures market, Olson, Chou, Mossman (2011) who carry out various breakpoint and stability tests, and Racicot (2011) who uses spectral analysis. The findings from other relevant studies are summarised in Table 1 . Evidence of the weekend effect in futures markets shows that security prices will generally be biased upwards, with greater overvaluation for more volatile securities. Unconstrained short selling is not a sufficient condition for unbiased prices
Data and Methodology
We Our first (trading-bot) approach considers the weekend effect from the trader's viewpoint, namely whether it is possible to make abnormal profits by exploiting it.
Specifically, we programme a trading robot which simulates the actions of a trader according to an algorithm (trading strategy). To test it with historical data we use a
MetaTrader trading platform which provides tools for replicating price dynamics and trades according to the adopted strategy.
We examine two trading strategies: If a strategy results in the number of profitable trades > 50% and/or total profits from trading are > 0, then we conclude that there is a market anomaly.
Our second approach is based on estimating the degree of integration of the series for different days of the week. Specifically, we use the Whittle function in the frequency domain, as in following model:
where y t is the observed time series; α and β are the intercept and the coefficient on the linear trend respectively, x t is assumed to be an I(d) process where d can be any real number, and u t is assumed to be weakly autocorrelated. However, instead of specifying a parametric ARMA model, we follow the non-parametric approach of Bloomfield (1973) , which also produces autocorrelations decaying exponentially as in the AR case. If the estimated order of integration for a particular day, specifically Monday, is significantly different from that for the other days of the week, then it can be argued that there is evidence of a weekend effect.
Empirical Results
Detailed results are presented in the Appendix. Table 1 summarises those for Strategy 1. In general this strategy is unprofitable in the stock markets (both US and Russian) and in gold market but can generate profits in the FOREX. However, in the latter case, the number of profitable trades is less than 50%, and only for 3 of the 6 currencies analysed can profits be made. Overall, the EMH is not contradicted.
The corresponding results for Strategy 2 are presented in Table 1b . to the arrival of new information during weekends, and that the appropriate formulation for the weekend effect is "Mondays tend to generate negative returns".
Given this mixed evidence, we also estimate the differencing parameter d for each day of the week under the three standard parameterisations of no deterministic terms, an intercept, and an intercept with a linear time trend. In the majority of cases, the lowest estimated value of d is found to be on Mondays (see Table B in the Appendix). The only two exceptions are the USDCHF and ALTRIA series, for which the lowest estimate corresponds to Friday and Wednesday respectively. However, this evidence is weak, since the unit root null hypothesis (d = 1) cannot be rejected in any case. The fact that the estimate of d is systematically smaller for Mondays than for the other days of the week suggests abnormal behaviour on this day. An estimated value of d significantly smaller than 1 would imply that it is possible to make systematic profits on this day of the week using historical data. However, as can be seen in the Appendix, the confidence intervals are relatively wide in all cases, and therefore the unit root null hypothesis cannot be rejected for any day of the week, which implies weak support for a weekend effect.
Conclusions
This paper examines one of the most recognized anomalies, i.e. the weekend effect, in various financial markets (US and Russian stock markets, FOREX, gold) applying two different methods to daily data. The first, the trading-bot approach, uses a trading robot to simulate the behaviour of traders according to a given algorithm (in our case trading on the possible to make profits, although the number of profitable deals is less than 50% and therefore it cannot be concluded that there is a market anomaly according to our criterion.
The estimates of the fractional parameter d are lowest on Mondays in most cases, which is evidence in favour of the weekend effect, although the wide confidence intervals mean that this evidence is rather weak. Finally, exploitable profit opportunities based on the weekend effect are found mainly in the FOREX market. Estimates of d in a model with autocorrelated errors 930 (0.855, 1.064) 0.939 (0.866, 1.032) 0.939 (0.865, 1.035 002 (0.920, 1.089) 0.928 (0.850, 1.034) 0.928 (0.843, 1 .034) 0.820, 1.184) 0.963 (0.836, 1.102) 0.963 (0.836, 1.102 042 (0.944, 1.183) 1.047 (0.944, 1.183) 1.047 (0.943, 1.190 
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